In this paper we have formulated a multi-objective inventory problem in which time dependent deterioration and shortages are allowed. We consider demand is constant and holding cost is function of time with limitation on storage space. Next to solve multi-objective inventory model and using fuzzy programming technique. Finally, by model is expressed by numerical example.
Demand rate is function of selling price, and holding cost is time dependent. Liao (2008) [8] gave an economic order quantity (EOQ) model non instantaneous receipt and exponential deteriorating item under two level trade credits. Sahidul Islam and T. K. Roy [9] considered fuzzy multi-objective inventory model with variable deterioration rate. In inventory model, the demand rate is constant and holding cost is variable. In reality the holding cost is time dependent. Time is also play an important role in the inventory system and the holding cost is linear function of time. Inventory model is developed for deterioration rate (It is defined as decay, spoilage, loss of utility of production etc.) which is proportional to time with shortages and partial backlogging. In this paper we have to find the total cost is minimum of each item which is consider as objective function. So, we have multi-objective inventory model along with storage space constraint. Then we solve this multiobjective inventory model by FNLP and FAGP methods. Finally the model is illustrated by numerically.
Notations and Assumptions:
The following notations and assumptions are made in developing the model:
Notations
: the ordering cost per order for i item.
: the purchase cost per unit for i item. (t)= t : ℎ is the rate of deterioration for i item; 0< <1. ℎ = + t : the inventory holding cost per unit per time unit for i item, where , >0 and are Constant.
1
: the backordered cost per unit short per time unit for i item.
2
: the cost of lost sales per unit for i item.
1
: denote time at which the inventory level reaches zero, for i item, 1 ≥0. : denote the length of cycle time for i item. MI : the maximum inventory level during [0, ] for i item. MB : the maximum backordered units during stock-out period for i item. (=MI+MB) : the order quantity during a cycle of length for i item.
(t)
: the level of positive inventory at a time t, 0≤t≤ 1 for i item. 
Now the boundary condition 1 ( 1 ) = 0, t = 1
, where the power of greater than or equal to 2 is neglected.
Again, during [ 1 , ], the inventory level depends on demand and a fraction of demand and backlogged. Therefore, the stage of inventory can be represented by the differential equation,
Integrating from 1 to and solving we have,
The maximum positive inventory
The maximum backordered unit are
Hence, the order size during [0, ] is for i item = + 3. Back-order cost per cycle for i item
4. Cost due to lost sales per cycle
5. Purchase cost per cycle for i item PC = .
So, the minimum total cost of i-th item is
( And ≤ ≤ (for i= 1,2,…,n ). To solve the above problem by using following steps: http://www.ispacs.com/journals/ojids/2016/ojids-00008/ International Scientific Publications and Consulting Services
Step 1: The above equation is solved as a single objective non-linear programming problem using only one objective at a time and ignoring the others.
Step 2: From the step 1, for corresponding values for every objective at each solution is derived. With the values of all objectives at each ideal solution, the pay-off matrix has been formulated as follows:
Here 1 , 2 , … , are ideal solution of the objectives 1 ( ), 2 ( ), … , ( ) respectively and we consider the upper bound and lower bound of r-th objective ( ) = { ( 1 ), ( 2 ), … , ( )} and = * ( ) where r= 1,2,…,k
Step 3:
The type of fuzzy constraints can be defined by given rise to corresponding membership function
. Here ( ) is strictly monotonic decreasing function w.r.t ( ). After defining the membership function ( ( )) for r= 1,2,…,k, the general aggregation function ̃( x) =̃( 1 ( 1 ( )), 2 ( 2 ( )), … , ( ( ))) Therefore, multi-objective decision making problem can be written as ( 1 (t,T) ) and 2 ( 2 ( , )) for the objective functions 1 ( ) and 2 ( ) respectively and defined as follows:
Using the above membership functions fuzzy non-linear programming problem are formulated as follows: Max Subject to
) and same constraints and restriction as (3.14) and according to additive operator the fuzzy additive goal programming problem is as follows
And same constraints and restriction as (3.14). Solve the crisp non-linear programming problem (5.22) and (5.23) by an appropriate mathematical programming algorithm.
Weights in FNLP and FAGP
We consider, the positive weight where ∑ =1 of each objective goal (x) for r = 1, 2, …, k. Now, the different or same weights as coefficient are multiplied of the individual terms in fuzzy additive goal programming (FAGP) method and also the different or same weights as coefficient are multiplied of the objective functions in the fuzzy non-linear programming (FNLP) method. So the equation (4.18) and (4.19) are introduced then we have Max Subject to ( ( )) ≥ , for r=1,2,…,k 
Numerical Example
Consider an inventory system with following parameter value in proper units and storage area W = 700 sq. m. 
Concluding Remarks
In this study, demand is constant and holding cost is variable in time, and we have solved multi-objective inventory model with fuzzy decision making method. This technique can be applied to solve the different decision making problems in inventory control. In real market, the suppliers offer to their customers and fulfilment of all the condition of offers. This model exhibits prevailing realistic market.
